An immunohistochemical study of the distribution of tyrosine hydroxylase has been performed in the retina of lizards of the genera Podarcis, Anolis and Tarentola. Immunoreactive cells extending their processes into the inner plexiform layer were observed in all three species. Reactive fibres in the outer plexiform layer were also seen in Podarcis and Anolis, and hence they possess not only amacrine but also catecholaminergic interplexiform cells. The retina of Anolis also showed reactive fibres aposed to the photoreceptors near the central fovea. The role of this outer retinal innervation on dopamine.dependent light-adaptive phenomena is discussed from a comparative perspective.
INTRODUCTION
Interplexiforrn cells are now recognized as a widely accepted sixth class of retinal cells. Morphologically they resemble amacrine cells, but they also have processes that reach the outer plexiform layer. They seem to be "centrifugal" neurons (Ehinger & Dowling, 1987) , since they have their inputs in the IPL and their outputs in the OPL.
The interplexiform cells have been described as dopaminergic in teleost fishes (Negishi et al., 1990) , some amphibians (Schutte & Witkovsky, 1991) , one avian species (Dkhissi et al., 1993) and some mammals (Nguyen-Legros, 1988 environmental light level (Dowling, 1986; Witkovsky & Dearry, 1992) and that important dopamine-dependent light-adaptive phenomena occur in the outer retina in the OPL and at the level of photoreceptors (Djamgoz & Wagner, 1992) . The reported lack of dopaminergic itmervation of the outer retina in reptiles (Engbretson & Battelle, 1987; Kolb et al., 1987) is surprising, since an effect of dopamine on horizontal cells and photoreceptors has been reported in some turtles (Piccolino et al., 1987) . Up to now only three species of reptiles have been studied: the turtle Pseudemys (Kolb et al., 1987; Nguyen-Legros et al., 1985; Witkovsky et al., 1984) and the lizards Uta (Engbretson & Battelle, 1987) and Chamaeleo (Bennis & Versaux-Botteri, 1995) . The aim of this study was to investigate the presence of dopaminergic interplexiform cells in other reptilian species. We have chosen three species of lizards with different visual adaptations, belonging to three different families: Podarcis hispanica (Lacertidae), Anolis carolinensis (iguanine of the family Polychrydae) and Tarentola mauritanica (Gekkonidae).
MATERIAL AND METHODS
In this study we have used 10 adult specimens of 50 mg/ml) per gram of body weight, injected under Halothane preanesthesia, and then transcardially perfused with saline solution followed by Karnovsky's fixative (1% paraformaldehyde and 1.25% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4). Eyes were removed and post-fixed in the same fixative for 4-24 hr, at 4°C. Vertical or horizontal sections 40/~m thick were obtained with a freezing microtome. To obtain whole-mount preparations of the retina, animals were dark-adapted for at least 2 hr and then, under the same anaesthesia, eyes were removed, retinae were dissected free from the pigment epithelium, cut to flatten them and post-fixed overnight in Karnovsky's fixative.
After endogenous peroxidase inhibition (30 min in a 1% H202 solution), the ABC method was used for the immunohistochemical detection of TH. Antibodies and ABC were diluted in Tris buffered saline with 0.3% Triton-X-100 as a permeating agent and with 5% normal horse serum in the primary antibody solution. Sections were incubated overnight or, in the case of whole retinae, for 3--4 days, in diluted (1:1000) monoclonal mouse-anti-TH (Incstar Corp.), at 4°C. Then sections were incubated for 2 hr in diluted (1:200) biotinylated horse-anti mouse IgG (Vector Labs) at room temperature (whole retinae 1-2 days at 4°C), and subsequently in the ABC (Vectastain kit, Vector Labs) for the same length of time. The resulting peroxidase labelling was developed using diaminobenzidine as a chromogen (0.04% in Tris buffer, pH 7.6) and H202 (0.01%). Some retinal sections were subsequently counterstained with acidic toluidine blue. Preparations were coverslipped with Permount.
RESULTS
Although the laminar organization of the retinae of the lizards studied is virtually identical, some differences were found concerning the relative thickness of the different layers and the presence and morphology of foveae. A n o l i s and Tarentola are macrophthalmic lizards, with large retinae compared to the relative microphthal- In the following paragraphs we will first describe the pattern of TH-immunoreactivity common to all three species, and then some features related to fibre labelling which are particular to Podarcis and Anolis. TH-positive neurons showed a piriform or spherical cell body with two or three primary processes which ramified in the IPL, where they displayed a laminar arborization. The density if TH-ir innervation was maximum in stratum 1 (terminology of Cajal, 1893) , where it was composed of a dense plexus of thin, profusely ramified and varicose fibres connected either with one of the main processes or directly with the cell body [ Fig. 2(B) ]. One or two thick unbranched processes left the cell body and crossed the IPL up to strata 4 and 5, where they gave rise to a less dense plexus of TH-ir varicose fibres [ Fig. 2(A) ]. Sparse labelled fibres were also seen in stratum 3.
Particular Features in the Retina of Podarcis hispanica
Besides the described labelling in strata 1, 3 and 4/5 of the IPL, a few scattered fibres were observed in the inner aspect of the INL of Podarcis. Moreover, a number of fine, varicose processes could be observed running horizontally within the OPL. The cells of origin of these fibres are difficult to identify in flat-mounts. However, in several cases radial ascending processes were seen to originate from the plexus in sublayer 1 of the IPL [ Fig.  I(C) ], in the vicinity of a labelled cell body. In our viewing of whole-mounts, this kind of innervation was not specific to any retinal area.
Particular Features in the Retina of Anolis
Within the OPL, horizontal varicose fibres (Figs 2 and 4) were much more frequent than in Podarcis. Moreover, in the central foveal area some beaded fibres crossed the ONL and coursed horizontally just below the olm (Fig.  3) . The varicose appearance of these fibres suggests that they make synaptic contacts with other neural elements. Their position was distal to the ONL, where the photoreceptor cell bodies lie, which strongly suggests that the only possible postsynaptic elements for these TH-ir fibres are the photoreceptors.
In whole-mounts it was possible to observe that these distal fibres were quite numerous and were radially oriented [ Fig. 4(A, B) ]. This radial orientation was maintained as fibres coursed peripherally, although higher variability in their direction was observed [ Fig.  4(C) ]. In the peripheral retina this orientation seemed to be lost [ Fig. 4(D) ]. The density of the innervation of the OPL decreases from perifoveal to peripheral retina [cf. Fig. 4(C, D) ].
The cells where the sclerally directed fibres originate could not be identified, but the fibres that reach the central fovea could be followed for considerable distances out of the foveal area. In several cases it was possible to follow them until the plexus of stratum 1 in the IPL (Fig. 2) . This suggests that these fibres mainly arise from cells in the perifoveal (or even peripheral) retina [see Fig. 4(B-D) ].
DISCUSSION lnterplexiform Cells in the Reptilian Retina
Our results clearly indicate that catecholaminergic fibres are present in the OPL of some lizards. Our material shows that in Podarcis and Anolis these fibres arise from the dense TH-ir innervation of stratum 1 of the IPL, thus strongly suggesting that they represent distal processes of some of the retinal TH-ir cells that give rise to the IPL catecholaminergic innervation. Other possibilities (a catecholaminergic central afferent to the retina and the presence of TH-ir biplexiform ganglion cells) are very remote since no TH-ir fibres have ever been observed in the optic nerve (our results) or tract (our unpublished observations in Podarcis and Anolis; I_~pez et al., 1992) .
Theretore, our results have demonstrated, for the first time, that some reptiles do possess interplexiform cells. In the previously studied reptilian species, the turtle Pseudemys scripta elegans (Kolb et at., 1987; NguyenLegros et al., 1985; Witkovsky et al., 1984) , the lizard Uta stansburiana (Engbretson & Battelle, 1987) and the chameleon (Bennis & Versaux-Botteri, 1995) , the results showed only amacrine cells with processes confined to strata 1, 3 and 4/5 of the IPL, as had been shown in teleost fishes (Negishi et al., 1990) amphibians (Schutte & Witkovsky, 1991) , birds (Dkhissi et al., 1993) and mammals (Nguyen-Legros, 1988) .
The lack of OPL labelling in Tarentola clearly indicates that interplexiform cells are absent in some lizards (Tarentola, this paper; Uta, Engbretson and Battelle, 1987; Chamaeleo, Bennis and Versaux-Botteri, 1995) , while present in others (Podarcis and Anolis). Thus, the TH-ir innervation of the OPL is a feature displaying a high interspecific variability. The differences lbund between closely related species such as Anolis and Uta (iguanine lizards) make this variability difficult to explain in terms of taxonomic relationships, and suggest that it is probably related to adaptations to particular lifestyles, as will be discussed below.
Biochemical analyses have shown that dopamine is the only catecholamine present in the retina of the lizard Uta stansburiana (Engbretson & Battelle, 1987) . No labelling has been obtained with antibodies against dopamine-13-hydroxylase and pheniletanolamine-N-methyl transferase in this lizard (Engbretson & Battelle, 1987) . Therefore, it is very likely that TH-ir cells in the retina of lizards are dopaminergic.
The function of dopamine in the outer retina of teleost fishes (Negishi et al., 1990) seems to be related to lightadaptive mechanisms. In fact, dopamine produces (at 1354 E. LANUZA et al. least in some cases) a decrease in the receptive field size in horizontal cells, by reducing the conductance of their gap-junction coupling (Dowling, 1986) . In teleost fishes dopamine also controls light-adaptive retinomotor responses such as cone-contraction and melanin-granule dispersion within the pigment epithelium (Dearry & Burnside, 1986 , 1988 . The dopaminergic innervation of the OPL of Podarcis and Anolis is likely to be involved in similar physiological processes. In fact, these lightadaptive mechanisms are particularly needed in diurnal species such as Podarcis and Anolis displaying all-cone retinae (Cajal, 1893; Ali, 1960) which would otherwise have very poor vision in dim light conditions.
On the other hand, Tarentola is exposed to a relatively narrow range of light intensities, for which the high proportion of rod-like photoreceptors (Underwood, 1970) and the vertical pupil allow complete adaptation. Thus for Tarentola, a finely controlled dopamine-mediated mechanism of light-adaptive retinal responses may simply be unnecessary. Although further studies in other lacertilian species are required to check this hypothesis, it is interesting to note that a recent comparative study of the retina of 23 species of fishes (Frohlich et al., 1995) has shown that the presence of dopaminergic interplexiform cells correlates with the occurrence of cones. Frohlich et al. (1995) conclude that the presence of interplexiform cells in a given species does not depend on its evolutionary or systematic classification, but it is closely linked to its habitat.
The high variability of dopaminergic innervation of the OPL among lizards (this work) and fishes (Frohlich et al., 1995) , suggests that it may also occur in several reptilian species as yet unstudied (e.g. some turtles). The same situation applies to birds, in which the presence of interplexiform cells has only been described very recently in the quail (Dkhissi et al., 1993) while the only two species studied before appear to lack dopaminergic interplexiform cells [chicken, Teakle, Wildsoet and Vaney (1993) ; pigeon, Keyser, Britto, Woo, Park, Joh and Karten (1990) ]. Knowing which species have this kind of innervation of the OPL would help to clarify the functions of the dopaminergic interplexiform cells in the vertebrate retina.
Dopaminergic Innervation of Photoreceptors
A remarkable difference between Podarcis and Anolis is the specific dopaminergic innervation in the ONL near the central fovea of Anolis, beaded reactive fibres were seen in close apposition to the somata of foveal photoreceptors, thus suggesting the presence of dopaminergic synapses on these cells. However, the possibility cannot be ruled out that dopamine is released nonsynaptically at these levels and electron microscopy is needed to clarify this point. Interplexiform fibres have been reported to contact photoreceptor pedicles in teleost fishes (Wagner & Wulle, 1990) (1991) ]. But in these cases distal dopaminergic elements do not seem to be restricted to a particular retinal area, whereas in Anolis they are exclusive to the central deep convexiclivate fovea. Since this kind of fovea is also present in some diurnal birds of prey (order Falconiformes), it would be very interesting to study the dopaminergic system of their retina to determine whether dopaminergic innervation of cones is a constitutive feature of this kind of fovea.
This foveal and perifoveal dopaminergic innervation might play an important role in light-dependent regulation of the photoreceptor arrangement. Although the high density of cones found in deep foveae allows optimal high-resolution vision in high light intensity, in dim light conditions the fovea and perifoveal region are functionally blind for small targets (Eckmiller, 1991) . This disadvantage has been described in primates, but it must be even more severe in animals with deeper convexiclivate foveae (such as Anolis and Falconiform birds). This problem could be overcome by electrical coupling of foveal cones in dim light conditions, which would sacrifice resolution to gain sensitivity. In fact, gap junctions between the pedicles of adjacent cones have been reported in the visual streak of turtles (Kolb & Jones, 1985) , where cone density is especially high. Although no similar data are available for the fovea of Anolis, the presence of a special dopaminergic innervation suggests that dopamine might regulate the conductance of gap junctions between cone pedicles, as it does between horizontal cells. In fact, the gap junctions linking both photoreceptor pedicles and horizontal cells, display a noteworthy morphological similarity in turtles (Peterson, 1992) . More studies are needed to check this possibility.
